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为1.0×10-8-1.5×10-6 mol/L，检测限为4.2×10-9 mol/L。 
第二节将N-异丙基丙烯酰胺与甲基丙烯酸（MAA）通过自由基共聚反应，

















































































微球的直径为 38±6 nm，且具有较好的单分散性。NFHS 微球保持了较好的光
学性质，发射峰的位置随着杂化的 FITC摩尔比增大而出现从 532 nm到 540 nm
不断的红移。由于 SiO2的保护作用，NFHS微球的在氙灯光源和激光光源下的
抗光漂白能力均有较大提高。NFHS 微球的二氧化硅表面，具有和石英玻璃相
似的性质，使用 APTMOS 为衍生试剂，在 NFHS 微球表面修饰上活泼的氨丙
基。以双功能试剂戊二醛使 NFHS 微球与抗体偶联，建立了夹心型免疫分析
AFP的方法。当抗体浓度为 100 ng/mL时， NFHS微球-抗体复合物的荧光强
度是 FITC-抗体复合物的 20倍，表明用 NFHS微球标记可提高生物检测和生物
诊断的灵敏度。使用 NFHS 微球为标记探针，得到测定 AFP 的检测限为 0.05 



















Study on the Synthesis and Application of Novel Biomaterials 
Abstract 
This dissertation consists of five chapters, including the overview of intelligent 
biomaterials, sol-gel biomaterials and nanometer fluorescence probes; synthesis and 
application of novel environment sensitive polymers; synthesis and application of 
novel sol-gel biomaterial; synthesis and application of nanometer fluorescence 
hybrid silica particles；the conclusion and prospect of the present research work. 
In chapter one, highlights of new findings in biomaterials' studies and its 
significance in modern biological engineering and medicine engineering are 
introduced.  The mechanisms, synthesis methods, characters studies and biological 
applications of environment sensitive polymers are viewed.  The brief introduction 
and current development of sol-gel biomaterials are given.  The use of nanometer 
particles as biological labeling is summarized.  The research proposal for this 
dissertation is also presented. 
In chapter two, the research work on the synthesis and biological applications of 
the novel environment sensitive polymers is described.  The results enlarge the 
application range of environment sensitive polymers and have positive significance 
for developing the application of environment sensitive polymers in analytical 
biochemistry and biological engineering.  This chapter is divided into two sections. 
 In section one, an oligo-N-isopropylacrylamide (ONIPAAm) with a terminal 
carboxyl group is prepared by polymerization of NIPAAm with mercaptopropionic 
acid.  The ONIPAAm exhibits a low critical solution temperature of about 32-33 















enzyme by using N-(3-Dimethylaminopropyl)-N’-ethylcarbodhydro-chlorid (EDCI) 
as a coupling reagent.  (1) Because the antibody is covalently immobilized to the 
very end of ONIPAAm chains, the antibody aggregation is eliminated and the steric 
hindrance that occurs in the free radical copolymerization of antibody and 
poly-N-isopropylacrylamide is also decreased.  Therefore, better bioactivity of the 
immune complex is retained.  The immune activity of immobile antibody and 
non-specific adsorption of antibody and antigen on the ONIPAAm chains are studied.  
These characters are employed to develop a novel thermally separated fluorescence 
immunoassay method for the determination of mouse IgG.  Under optimum 
conditions, the calibration graph for the mouse IgG is linear over the range of 
0.5-1000 ng/mL, with a detection limit of 0.2 ng/mL (3σ/S).  (2) The study 
discovers that the conjugate between ONIPAAm and (dT)8 maintains a high affinity 
with its complementary sequence (dA)8 and can be applied to the specific separation 
of (dA)8 form its mixed solution with (dA)3dT(dA)4.  Then the 
ONIPAAm-(dT)8-(dA)8 solution can be heated to the melting temperature of the 
duplex between (dT)8 and (dA)8 to get the purified (dA)8.  This method can be used 
for the separation and detection of polyadenylated mRNAs which are of great 
importance in cDNA cloning.  (3) Our experiment shows that the conjugate 
between ONIPAAm and iron-tetrasulfonatophthalocyanine (FeTSPc) displays high 
peroxidatic activity for the fluorogenic reaction of p-HPPA and H2O2.  The Kcat 
ratio of ONIPAAm-FeTSPc to free FeTSPc is about 6:1, namely, the catalytic 
activity of FeTSPc increases by more than six times when FeTSPc is bound to the 
oligomer.  The possibility of its application in analytical field is also tested by the 
determination of H2O2 and ONIPAAm-FeTSPc, the detection limits for H2O2 and 
ONIPAAm-FeTSPc are 4.2×10-9 and 1.7×10-9 mol L-1, respectively. 















and pH-sensitive polymers are given.  A series of pH-sensitive phase separating 
polymers containing both temperature- and pH-sensitive components are 
synthesized by copolymerizing N-isopropylacrylamide and methacrylic acid (MAA).  
A P(NIPAAM-co-MAA) polymer is finally obtained, with a lower critical solution 
pH (LCSP) about 5.8 at 37°C.  The r-values of NIPAAm and MAA are 0.862 and 
1.124, respectively.  The antibody is activated with N-hydroxysuccinimidyl 
acrylate and conjugated to the polymer.  The immobile efficiency of the antibody is 
also studied.  The characteristic of this polymer makes it possible to carry out the 
immunochemical steps of an immunoassay in a true solution and then to quickly 
separate the resulting product from the reaction mixture.  The above approach has 
been applied to the determination of α-fetoprotein (AFP) and hepatitis B surface 
antigen (HBsAg) in human sera.  Compared with the traditional ELISA using the 
same reactants, the proposed method is much faster (the assay time decreased from 
100-120 to 30 min), and showed similar sensitivity, i.e., with detection limits of 0.04 
ng/mL and 0.2 ng/mL, for AFP and HBsAg, respectively. 
In chapter three, the synthesis and biological applications of the novel sol-gel 
biomaterials are studied.  This chapter is divided into three sections. 
 In section one, a synthetic method of a mesoporous sol-gel nano-composite 
material by using tetramethoxysilane (TMOS) as a precursor and poly(ethylene 
glycol) (PEG) as a template is presented.  The results show that PEG restrains the 
hydrolysis reaction of TMOS, and thus affects the pore size and pore distribution of 
sol-gel material (SiO2-PEG).  When the addition amount of PEG is 5 %, the 
SiO2-PEG has a narrow pore distribution of 3-8 nm and an average pore diameter of 
6 nm.  Anti-gentamicin antibody is then immobilized in this material and the 
binding activity of the immobile antibody to antigen is studied.  The result show 
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